Purpose. The article deals with the determining the influence of the longitudinal and lateral shift of gravity centre of the heavy load on the flat wagons, taking into account the travel speed based on the main dynamic indicatorsthe maximum coefficients of the dynamic supplement of spring-suspended and unsprung parts, the maximum ratio of frame force to static axle load, the wheel derailment safety factor. Methodology. The study was carried out using the method of mathematical and computer simulation of the dynamic loading of flat wagons based on the model of spatial oscillations of five coupled wagons and the software complex developed in the branch research laboratory of the rolling stock dynamics and strength (BRL RSDS). Theoretical studies were carried out during the movement of the model 13-401 flat wagon on typical 18-100 bogies with speeds in the range from 50 to 90 km/h in curves with radii of 350 and 600 m, with 130 and 120 mm canting, respectively. Findings. The paper presents the analysis of theoretical studies of the rolling stock dynamics on the example of flat wagons. The calculations were carried out using an application software package. In the course of performing theoretical studies and after simulation, taking into account the processes of oscillation of the flat wagon and load in the presence of longitudinal and lateral shift of its gravity centre, the dependences of the main dynamic indicators were obtained with regard to the magnitude of the travel speed. Originality. Using the mathematical model of the five coupled wagons, the effect of shift in two directions from the central symmetry axis of the heavy load centre was studied with regard to the travel speed along the curved track of small and medium radius in order to determine the dynamic loading of the flat wagon. Practical value. As a result of the above theoretical studies, the recommendations on the maximum possible values of the centre shift of heavy loads during their transportation on flat wagons are substantiated and proposed.
Introduction
The process of integrating the railway industry of Ukraine into the European transport system is one of the urgent problems of today. Its solution is connected with the formation of a network of international transport corridors on the territory of Ukraine, the reconstruction of the main railway lines connecting the Europe and Ukraine, the organization of high-speed train traffic [10] .
In addition, one of the key issues of transport policy, which is associated with perspectives of sustainable development of the transport industry in Ukraine, is the promotion of combined transport. This technology should be in line with international standards, the main criteria of which are: route speed, schedule accuracy and cargo safety. Increased speed and frequency of transportation would accelerate the introduction of a combined cargo transportation system, including by international transport corridors. Thus, improvement of speed characteristics of rolling stock becomes almost the most important task for increasing the competitiveness of rail transport in mixed traffic systems.
One of the main obstacles to a significant increase in the velocity of combined transport is the dynamic properties of the rolling stock. At the same time, the main characteristics of the rolling stock are being constantly improved by the producing factories, with the changing of the range of goods. Among the heavy loads transported on flat wagons, the more common is becoming the equipment with asymmetrical centre of gravity, which requires train speed limitation. This causes a reduction in the throughput and transportation capacity of railways, lengthening of the equipment delivery time to the consumer [3, 10, 18] .
Purpose
Of particular importance is the further improvement of the transportation conditions and, in particular, the development of new scientifically based admissible values of longitudinal and lateral load centre shifts from the flat wagon symmetry axes. When elaborating them, particular attention should be paid to the safety of movement, as there may be intense fluctuations of rolling stock and large dynamic forces. Therefore, of great interest is the study of spatial oscillations of a flat wagon with asymmetric load, which in turn leads to the need for the development of regional, local (LTC) and unspecified (UTC) technical conditions, the effect of which would be extended to enterprises serviced by one railway [1, 3, 7, 9, 11, 12] .
The purpose of this research is to determine the influence of the longitudinal and lateral shift of gravity centre of the heavy load on the flat wagon, taking into account the travel speed based on the main dynamic indicators -the maximum coefficients of the dynamic supplement of springsuspended and unsprung parts, the maximum ratio of frame force to static axle load, the wheel derailment safety factor.
Methodology
The above problems can be solved experimentally or theoretically. The first method, although it is sufficiently reliable, but expensive, requires a long time and cannot cover all possible options of the load positioning. Therefore, it is necessary to develop a general theoretical method for studying the oscillation of the flat wagon with asymmetric placement of loads of different weights, both with spring-dissipative elements between the load and the flat wagon body, and without them [3] .
Quantitative evaluation of dynamic indicators can be obtained by mathematic simulation. The wagon calculation scheme should reflect the spe-cifics of the wagon interaction in the train: the possibility of manifestation of all forms of body oscillations in space, the transmission of longitudinal forces in the vertical and horizontal directions from the neighboring wagons, the record of the technical condition of individual parts of the wagon and their design features, as well as operating conditionsspeed, movement along the straight and curved tracks, loading mode, type of load, its positioning and fastening, vertical and horizontal track irregularities [5, 8, 13, [15] [16] [17] [18] [19] [20] [21] [22] .
The travel speed when passing on the curved track is limited by the lateral impact of the railway rolling stock on the track, the lateral acceleration value, the possibility of wheel unloading and derailment. In connection with this, it is necessary to study the railway vehicle oscillations while driving precisely along the curved track.
The calculation scheme of the flat wagon in Fig. 1 shows positive directions for all shifts and angles of rotation, and Table 1 shows the designation of the system bodies.
In Table 1 through x , y and z we marked the gravity centre shift of the flat wagon frame along the corresponding axes, and through  ,  , the angles of its rotation relative to the main central axis of inertia. Similar displacements of bolsters are provided with the index i ( i=1, 2 -bogie number), side frames -with the index бij ( j=1left, j=2 right side of the wagon), wheel setswith the index kim ( m=1, 2 -wheel set number in the bogie), rails in the wheel contact points pimj (movements of rails are assumed only in two directions -along the axes Y and Z ). Displacement of the wheels is indicated by the index imj .
The mathematical model describing the spatial oscillations of the coupled wagons in the train (Fig. 2 ) is proposed in [4] , of which one rail vehicle is considered as per the most complete calculation scheme (called «zero»), and the calculation schemes of neighbouring wagons, depending from task setting, are simplified with increasing distance from the «zero» vehicle on both sides. As a calculation scheme of the «zero» vehicle we adopted a mechanical system with 58 degrees of freedom [5, 17] . The following values are adopted as generalized coordinates: In the study of spatial oscillations of wagons neighboring with the «zero» one, which are considered under the simplified calculation scheme, the following assumptions are introduced. It is assumed that the wagons have one-stage spring suspension. Each of them consists of eleven solid bodies: a body, two bolsters, four bogie side frames and four wheel sets. Unlike the «zero» wagon, the track under adjacent wagons is considered to be absolutely rigid in the vertical direction and resilient in the horizontal lateral direction. This assumption does not lead to an increase in the number of degrees of freedom, since the speed of the pressed (displaced) rails in expressions for lateral forces can be neglected.
As generalized coordinates for these wagons the following values are adopted:
, nn qx  where i=1, 2 ; n=1 and -1 -respectively for the «first» and «minus first» wagons.
The end coupled wagons, which by analogy are called the «second» and the «minus second», are considered by an even simplified scheme than «1» and «-1» wagons. In «2» and «-2» wagons we will take into account only the vibration of the bodies, that is, these wagons are systems with six degrees of freedom: 1 ,
where -respectively for the «second» and «minus second» wagons.
In our study, the flat wagon as a «zero» wagon is considered as a mechanical system ( Fig. 3 ), which consists of 12 solids (load, flat wagon frame, two bolsters, four bogie side frames, four wheel sets). The flat wagon frame gravity center is located at the beginning of the coordinate system of the flat wagon, and the load gravity center, shifted by the value in the longitudinal direction and in the lateral direction, is located at the beginning of the coordinate system of the load.
The work [3] studied the flat wagon as a mechanical system of 12 solids with an asymmetric load, but its oscillations were considered only in the horizontal plane. Each body of the system had three displacements: recoiling , swaying and hunting . The connections to the flat wagon were installed on the assumption that the side frames of the bogie of model 18-100 had the same swaying and hunting ; there are no longitudinal and lateral gaps between the bogie bolsters and side frames, or they are very small, and the swaying of bolsters and wheel sets is the same; the gaps between the bogie center plates and center plate bearing are not taken into account.
The work [14] shows the effect of load center shift in the gondola, but even though the flat wagon and gondola belong to the open rolling stock and have some common requirements for load positioning, it is expedient to determine the dynamic load during the operation of not only different types of railway vehicles, but also of the same type models close by the technical parameters. [7, 12] . In accordance with the current requirements, the total center of gravity of goods () should be located on the intersection of the longitudinal and lateral plane of symmetry of the wagon. The shift of relative to the longitudinal and lateral planes of the wagon symmetry is allowed (Table 2) , if there are objective reasons for this (geometric parameters of the load, arrangement and fastening conditions). The permissible value of shift in the longitudinal direction lsh (relative to the lateral plane of symmetry) during loading and along the track is determined in accordance with Table 2 depending on the total weight of the load in the wagon. According to [7, 12] , in the case of necessity of asymmetric arrangement of load in a wagon, the difference in loading of bogies should not exceed for 4-axle wagons -10 t, and the loading, which falls on each of the bogies, should not exceed half of the carrying capacity of the wagon.
T ab le 2

Permissible longitudinal shift of the common load center in a 4-axle wagon
Para
The permissible value of shift in the lateral direction bsh (relative to the longitudinal plane of symmetry) during loading and along the track is determined in accordance with Table 3 depending on the total weight of the load in the wagon and the height of the common gravity centre of the wagon with load () above the level of the top of rail TOR [7, 12] . Simultaneous shift of relative to the longitudinal and lateral symmetry of the wagon (Fig. 4) is allowed within the limits given in Tables 2, 3 . It is allowed to transport two loads (or groups of loads) of the same weight with their skewsymmetric arrangement in the wagon (Fig. 5 ), subject to the following conditions:
Permissible lateral shift of the common load center in a 4-axle wagon
-the height of the common gravity center of the wagon with load () above TOR does not exceed 230 cm; -the distances between the load gravity centers and in the longitudinal and lateral directions do not exceed the allowable values taking into account the total load weight in accordance with the Table 4 ;
-is located at the intersection of the longitudinal and lateral plane of the wagon symmetry. Fig. 5 . Skew-symmetric load arrangement in a wagon, -gravity centres of loads; -common load centre in a wagon Table 3 The total weight of the load and means of its fastening in the wagon shall not exceed its maximum load capacity, and in the case of loading supported by two wagons, the proportion of the weight of the load and the means of its fastening, which falls on each loaded coupled wagon, shall not exceed the maximum load capacity of the wagon. The load overrun in its longitudinal direction beyond the limits of the headstock of the flat wagon frame must not exceed 40 cm [7, 12] .
T ab le 4
Maximum allowable distances between load centers with skew-symmetric arrangement in a wagon
Parameter
Total weight of two loads, t When the load is placed on a flat wagon on two supports, laid across its frame symmetrically relative to the lateral plane of symmetry of the flat wagon, the location of the supports is determined depending on the load on the support and the width of the load distribution on the flat wagon frame. In the case of support placement within or outside the flat wagon base (Fig. 6, a, b) , the minimum permissible distance between the longitudinal axis of the support and the lateral plane of the flat wagon symmetry is determined in accordance with Table  5 .
In case of asymmetric location of gravity centre of the load or the support relative to the lateral plane of the wagon symmetry, a checking calculation of the bending moment of the wagon frame shall be performed. It is also necessary to perform a checking calculation of the bending moment of the flat wagon frame when arranging support at a distance that does not meet the requirements of Table 5 . It is generally known that the railway rolling stock ability rating is essential for ensuring the safety of trains, and the quality of rolling stock depends on its design, fabrication and acceptance. At each of these stages, the normative base plays a decisive role. Levels of estimation and allowable values of ability rating in accordance with normative documentation are given in Table 6 [6] .
T ab le 6 In accordance with the order for the development and adjustment of technical documentation for the carriage of goods by the manner not provided for by regulatory acts, there must be the following information as well: determination of inertial forces and wind force acting on the load; determination of the stability of the wagon with load and load in the wagon; load on the wagon bogies. The method of calculating the stability of the wagon with load and load in the wagon contains the determination of additional vertical load on the wheel from the action of centrifugal forces and wind force, but does not take into account the dynamic processes that arise during the movement of wagons on the railway track in the presence of vertical and horizontal irregularities.
Levels of estimation and allowable values of ability rating
Maximum coefficients of the dynamic supplement of the spring-suspended and unsprung parts, the maximum ratio of frame force to static axial load and the wheel derailment safety factor are used to study the dynamic forces acting on the wagon bogie or body components.
Findings
Theoretical studies using the software complex developed by the BRL RSDS are conducted under the condition of the movement of the flat wagon of model 13-401 on typical bogies 18-100 at speeds ranging from 50 to 90 km/h in curves with radii of 350 and 600 m, with 130 and 120 mm canting, respectively. Rails -P65, sleepers -wooden, ballast -broken stone.
Wooden sleepers to this day are the main type of rail support and it is expedient to lay them:
-on the ribbon track in horseshoe curves with the purpose of expansion of the rail track to prevent the possible derailment of wagons; -on highly loaded lines, where the use of continuous welded track with reinforced concrete sleepers is ineffective.
In addition, wooden sleepers in comparison with reinforced concrete ones have less rigidity and resilience for the perception and even distribution of loads from the rolling stock wheel sets on the rails, are less resistant to deformation. The trains move smoother on rails with reinforced concrete sleepers, since there are practically no joints at the rails, thanks to the high stability in terms of transverse rows. Therefore, when conducting calculations, wooden sleepers were chosen as the basis of rail support [2] .
In the given study we considered the influence of the load center shift on the flat wagon in the longitudinal and transverse directions, as well as in both directions simultaneously. Graphs of variance of the dynamic parameters during the travel on curved tracks and 350 m are shown in Fig. 7-9 . The shift in the longitudinal direction (Fig. 7) is studied within the limits , that is permitted by the standards (Table 2) [7, 12] .
As can be seen from Fig. 7 , with the increased longitudinal shift of the load center, the studied dynamic coefficients as a whole remain unchanged. In the whole range of velocities, the indices ( Fig. 7 (a, b) ), (Fig. 7 (c, d) ), (Fig. 7 (e, f) ), and ( Fig. 7 (g, h) ), in case of increasing the longitudinal shift from 0 to 0.3 m, do not exceed the permissible norm both in the curve m and in the curve m. The level of assessment is «excellent» [6] .
From the results obtained, it follows that the longitudinal shift of the load in case of increased speed does not cause an increase in the dynamics, and their values do not exceed the values determined by the current regulatory documents [5] .
The lateral shift of the load is considered in the range from up to 0,2 m with a longitudinal shift m (Fig. 8 ). For loads weighing 50 t with m, taken for calculations, longitudinal shift of m is allowed, this value can be 0.2 m on the travel line ( Table 3, The Figure 8 shows the effect on the dynamic indicators of the lateral load center shift in curves m and m, respectively. The effect of lateral load center shift has a more significant effect on the dynamic indicators than the longitudinal shift. With the increase of in both sides from the central lateral axis, the coefficients of the dynamic supplement of the spring-suspended and unsprung parts increase (Fig. 8, a-d) , the ratio of the frame force to the static axial load varies considerably ( Fig. 8, e, f) . With the growth oftowards the wheel based on the inner rail, the dynamic figures even decrease. The wheel derailment safety factors on the contrary are significantly reduced ( Fig. 8, g, h) .
The level of assessment from the lateral load center shift of the coefficients of the dynamic supplement of the spring-suspended partsis «acceptable», the coefficients of the dynamic supplement of the unsprung parts are «good», and the ratio of the frame force to the static axial load is «excellent» [5] .
At speed of 70-90 km/h, in case of increasing lateral shift from 0 to the value of 0.2 m acceptable for the indicated weight, the wheel derailment safety factor is significantly reduced in both curves. On the curve m ( Fig. 8, g) the values for m reach a dangerous value, especially taking into account the fact that the given results are obtained when the flat wagon moves along a curve without irregularities. Therefore, exceeding the lateral shift beyond the regulatory value of 0.15 m is inappropriate from the point of view of traffic safety.
Consequently, the lateral load center shift limitation, as defined by the regulatory documents, must be observed, it is due to a sharp decrease in the wheel derailment safety factor.
The simultaneous shift of the gravity center along the axes is considered within and from 0 and 0.15 m ( Fig. 9) [7, 12] . Fig. 9 shows the graphs of the dependence of the dynamic indicators on the value of the load centre shift in the lateral direction for the value of the longitudinal shift m. As can be seen from the comparison of the graphs given in Fig. 8 for and Fig. 9 for за m, differences in indicators , and are small, that is, the presence of simultaneous lateral and longitudinal load center shifts practically does not affect the dynamic indicators.
The level of assessment of the coefficients of the dynamic supplement of the spring-suspended parts is «acceptable», the coefficients of the dynamic supplement of the unsprung parts is «good», and the ratio of the frame force to the static axial load is «excellent» for the simultaneous longitudinal and lateral load center shift. But this shift leads to a significant decrease in the factor . As the lateral load center shift of the flat wagon increases towards the wheel based on the inner rail, the indices of vary considerably, as can be seen from Fig. 9, (g, h) . Therefore, the limitation of simultaneous longitudinal and lateral shift, as defined by the regulatory documents, must be also observed. In addition, the calculations showed the impossibility of increasing the travel speed in small radius curves due to the high probability of the rolling stock derailment.
Originality and practical value
This study includes the development of methods of mathematical simulation of dynamic processes of rolling stock and track interaction. Similar theoretical calculations can be applied in the course of quantitative and qualitative assessment of the impact of the load center shift on the rolling stock ability rating, taking into account the wear of parts and bogies while moving on the straight and curved track with irregularities.
During the study, the following scientific and practical results were obtained: -mathematical simulation of five coupled wagons for studying the dynamic loading of a flat wagon with heavy load; -assessment of the basic dynamic indicators at a shift of the gravity center of heavy load during movement on curved railway track;
-substantiation and introduction of the maximum possible values of lateral shift of the heavy load gravity center during transportation on flat wagons. 
Conclusions
Based on the analysis of the conducted theoretical studies of the rolling stock dynamic qualities on example of the flat wagon, it is possible to draw the following conclusions:
-Longitudinal shifts of the load weighing 63 tons do not result in increasing of the coefficients of the dynamic supplement of the springsuspended and unsprung parts, the ratio of the frame force to the static axle load, as well as the wheel derailment safety factor; -Longitudinal shifts of the load center have a significantly less influence on the dynamic forces that arise when the flat wagon moves than the lateral shift, or the presence of simultaneous shift in both directions from the axis of symmetry; -Limitation of the lateral shift set by the regulatory documents must be observed; it is caused not by an increase in the dynamics coefficients, but by a sharp decrease in the wheel derailment safety factor; -Exceeding the lateral shift of the load center on the flat wagon frame beyond the regulatory value of 0.15 m is inappropriate from the point of view of traffic safety.
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